Introduction
============

The purpose of the review was to examine the connection between two distinct research fields. The first field is aligned to the social sciences and examines the importance of human interaction and positive therapeutic relationships for healing and the delivery of fundamental care.^[@R1]^ The second research field is aligned to the natural sciences, and investigates the neurophysiological impact of touch and eye gaze during human interaction. Although arising from different research domains, both bodies of work are strongly connected, with touch and gaze being key elements of human interaction that have the potential to influence therapeutic relationships, healing and patients' experiences of fundamental care delivery. The connection of these bodies of work is further emphasized by the shared variables of trust and positivity as relevant mediators of the impact of human interaction.

Fundamental care refers to the essential elements of care that every patient requires regardless of their clinical condition or the setting in which they are receiving care. These elements of care can be physical (e.g. nutrition, hydration, elimination and hygiene), psychosocial (e.g. respect, dignity, privacy and cultural safety) or relational in nature (e.g. empathy and compassion).^[@R1]^ Given the growing evidence that these fundamentals are being poorly executed globally, there is increasing emphasis on how they can best be delivered in clinical practice.^[@R2]-[@R10]^ Research is beginning to acknowledge that a positive, trusting nurse-patient relationship is integral to the delivery of high-quality, person-centered fundamental care.^[@R1],[@R11]^ However, the specific neurophysiological mechanisms through which this positive relationship impacts patient care and experiences is largely unknown and unexplored.

In addition to work on fundamental care, there is a large body of work on the importance of an empathic, therapeutic relationship for healing, patient health, resilience and hope.^[@R12]-[@R14]^ This therapeutic relationship might involve multiple "actors", given that patients can interact with multiple health professionals in any healthcare episode. Specific studies focusing on the therapeutic relationship include studies on connectedness,^[@R15]^ social influences on healing and stress,^[@R16],[@R17]^ meta-analyses of noncontact healing studies^[@R18]^ and reviews of the effect of interpersonal touch on patients^[@R19],[@R20]^ and specific cells.^[@R21]^

There are also studies and literature reviews on the role of trust in health professional (particularly nurse)-patient relationships^[@R22],[@R23]^ and the impact of increasing technological interaction on this therapeutic relationship.^[@R24],[@R25]^ These studies demonstrate the increased capacity for hope displayed by the patient when there is a high trust relationship and personal interaction between the patient and nurse/medical practitioner.^[@R26],[@R27]^ The observed interactions and interconnections that are considered to be relevant for improving the healing capacity of patients in these circumstances include the display of genuine empathy, compassion, direct eye contact and physical touch.

Whilst clinicians, and many patients and relatives, are in no doubt as to the efficacy of a positive therapeutic relationship, much evidence is based on self-reporting by the patient or observation by the researcher.^[@R23],[@R24]^ There is, however, a growing body of work on the neurophysiological impact of human interaction. Physical touch and face-to-face interaction, entailing eye gaze and retinal eye lock, are two types of contact that produce neurophysiological effects on the body.^[@R20],[@R28],[@R29]^

There are a growing number of studies investigating the neurophysiological impact of physical touch. Such studies have examined the cortical dynamics of both discriminative (discrimination of stimuli) and affective (pleasant, gentle stroking) touch,^[@R30]-[@R34]^ and the way in which the brain registers (codes) affective touch.^[@R35]-[@R38]^ The neurophysiological response to touch includes the release of specific chemicals and neurotransmitters that lead to neuroendocrine effects; vagal stimulation; reduction of stress, pain and depression; and enhancement of immunity.^[@R20],[@R39]-[@R42]^ Affective touch also appears to lessen allostatic load (i.e. stress) in critically ill patients,^[@R20]^ due to the positive effects on pathophysiological processes aggravated by stress, such as immune and neuroendocrine derangements and inflammation.^[@R28],[@R39]^ There is recent evidence of an interoceptive effect of affective touch that aids rehabilitation through alterations to the insular cortex and limbic system.^[@R43]^

Affective touch is transmitted primarily through stimulation of the nerve\'s unmyelinated C-fibers, the impact of which is beneficial to healing.^[@R29]^ Affective touch is represented in areas of the brain that are closely related to the perception of emotion and empathy, and this affective-emotional pathway runs in part through the spinomesencephalic tract, engaging the amygdala, insula and anterior cingulate cortex.^[@R29]^ Resultant neurophysiological reactions can mediate the perception of touch, and are shown to be beneficial to the healing process, as well as having a positive effect on a patient\'s capacity for pain management^[@R29],[@R44]^ and a number of physiological outcomes, including changes to autonomic innervation through repetition of affective stimulation.^[@R20]^

One of the most powerful human interactions is face-to-face contact involving eye gaze. The interaction between trusted individuals creates a *neural duet* between brains due to the reciprocal firing of the brain\'s social networking areas, with a powerful effect on the level of trust and empathy as well as a positive attitudinal shift.^[@R45]^ Face-to-face contact involves the activation of mirror and spindle neurons.^[@R33],[@R46]-[@R48]^ When interacting with trusted others a number of chemicals are released including oxytocin and vasopressin,^[@R49],[@R50]^ both of which help to lower the physiological stress response and aid growth and wound healing.^[@R51]^ Social interaction becomes an interactive process of positive feedback whereby increased levels of oxytocin in turn encourage even greater levels of gaze to the eye region of human faces.^[@R50]^ This dynamic further increases the level of trust and empathy between the interacting parties.

When there is sufficient trust and positivity, a positive feedback effect can occur, which stimulates the parasympathetic nervous system and releases immune system chemicals that enable neuroplasticity and neurogenesis to occur.^[@R52],[@R53]^ These same chemicals are involved in immune system strength and changes to hormonal responses triggered by stress, pain signalling and integration. Each of these are directly related to healing and resilience through such mechanisms as modulating the interplay of lymphocytes that produce antibodies^[@R54]^ and triggering hormone and neuropeptide changes that mediate emotions.^[@R13],[@R55]^

Eye gaze and retinal eye lock between an anxious person and a trusted "other" has a direct effect on the synchronization of the right brain hemispheres^[@R56],[@R57]^ and the quietening of the sympathetic nervous system and amygdala,^[@R58]^ increasing the ability to deal with trauma. Thus, it enables the caregiver or trusted "other" to "soothe".^[@R49],[@R58]^ This "eye contact effect" modulates activity in structures in the social brain network,^[@R59]^ aiding communicative intention and affective arousal. There is growing evidence of the link between these neurophysiological reactions and a decreased level of morbidity and mortality through such changes as an increased capacity for hope,^[@R13],[@R60]^ the capacity to reframe vulnerability and deal with trauma,^[@R61],[@R62]^ and neurophysiological reactions related to the placebo effect.^[@R63]^

In summary, touch and face-to-face interaction with trusted others have a number of neurophysiological effects that are relevant to the therapeutic relationship. These neurophysiological effects are impacted by the quality of the relationship shared by the individuals. Trust and empathy, in particular, appear to be mediators given they have a profound effect on the body\'s generation and/or secretion of beneficial chemicals, such as serotonin.

This review maps the research literature on interventions that directly or indirectly replicate aspects of a therapeutic relationship using touch and/or eye gaze. This research literature arguably complements the existing body of research, indicating that therapeutic relationships can have a positive impact on patients, particularly in relation to the delivery of fundamental care. Research evaluating objective neurophysiological measures might provide further insight as to why and how this positive impact occurs.

A search of the Cochrane Library, the *JBI Database of Systematic Reviews and Implementation Reports* (JBISRIR) and PubMed revealed a very large number of systematic reviews primarily concerned with the effects of massage and other forms of touch. Typically these reviews were condition specific such as the impact on lower back pain^[@R64]^ or prevention of pressure ulcers.^[@R65]^ These, and many other systematic reviews, typically examined clinical outcomes and not neurophysiological outcomes. One Cochrane systematic review did consider neurophysiological outcomes but was narrowly focused on massage for mental and physical health in infants under the age of six months.^[@R66]^ One scoping review was identified that mapped massage studies that measured neurophysiological impacts, but only in relation to blood pressure.^[@R67]^

The objectives, inclusion criteria and methods of analysis for this review were specified in advance and documented in a protocol.^[@R68]^

Review question/objective
=========================

The specific review question for this review was: what are the neurophysiological impacts of human touch and eye gaze that have the potential to influence healing and the therapeutic relationships?

The objective of this scoping review was to examine and map the range of neurophysiological impacts of human touch and eye gaze, and explore possible links to and implications for the therapeutic relationship and healing. Touch and gaze are two central components of human interaction. Understanding the neurophysiological impact of touch and gaze might provide insights in to how these components of interaction can be used to enhance relationships in a therapeutic context. Our intention was not to only include studies that overtly stated a link between touch or gaze and the impact on the therapeutic relationship and healing. This would have been too restrictive. Our objective was to look broadly at studies that measured the neurophysiological impact of touch and gaze and consider: the contexts in which these occurred; who received the touch or gaze and who provided it; what were the variants of touch and gaze; and what was being measured. In keeping with the purpose of a scoping review, this information allowed us to explore and map this emerging research field.

Inclusion criteria
==================

Participants
------------

This scoping review considered studies that included cognitively intact human subjects of any age. Patients who were heavily sedated or unconscious were excluded.

Concept
-------

This scoping review investigated a number of areas related to the neurophysiology of human interaction (e.g. touch, eye gaze) and their potential connection to building a useful therapeutic relationship. The concept/s examined included:

-   Neurophysiology of touch

-   Neurophysiology of eye gaze

-   Neurophysiological impacts on healing

-   Neurophysiology of care

-   Therapeutic relationship.

Specifically, we considered who received the touch or gaze and who provided it; what the variants of touch and gaze were; and what outcomes were being measured.

Context
-------

This scoping review considered studies that examined, in either clinical or laboratory settings, the neurophysiological impacts of touch and eye gaze, and which have potential links to the therapeutic relationship. Clinical settings included acute care, long-term care and community care, including the home.

Types of studies
----------------

This scoping review considered both experimental and quasi-experimental study designs including: randomized controlled trials, non-randomized controlled trials, before and after studies and interrupted time-series studies. In addition, analytical observational studies including but not limited to prospective and retrospective cohort studies and case-control studies were considered for inclusion. Only quantitative studies were included as the aim was to examine objective measures of neurophysiological changes as a result of human touch and gaze.

Methods
=======

This scoping review adopted the methodology for Joanna Briggs Institute (JBI) scoping reviews as described in the JBI Reviewers' Manual.^[@R69],[@R70]^

Search strategy
---------------

A three-step search strategy was utilized for this review. An initial limited search of Scopus, PubMed and CINAHL was undertaken, followed by an analysis of the text words contained in the title and abstract, and of the index terms used to describe the articles. A second search using all identified keywords and index terms was then undertaken across all included databases. Thirdly, the reference list of all identified reports and articles were searched for additional studies. Only published studies in English were considered for inclusion in this review. The decision not to search for unpublished papers was due to the large amount of results from searching the databases of published studies, making additional imprecise searches in the gray literature impractical. There were no date restrictions.

The databases searched included: CINAHL, PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, PsycINFO and Web of Science. Results of all searches are provided in Appendix I.

Initial keywords used were: gaze, healing, neurophysiological, therapeutic relationship, touch.

Study selection
---------------

All searches were imported into Endnote X8 (Clarivate Analytics, PA, USA) and all title and abstracts were reviewed by two reviewers independently. Full-text of studies were then retrieved and reviewed by two reviewers independently. All discrepancies in selection were resolved through discussion.

Extraction of results
---------------------

Data were extracted from papers included in the scoping review by two independent reviewers using the data extraction tool specified in the review protocol.^[@R68]^ The data extracted included specific details about the populations, concept, context and study methods of significance to the scoping review question and specific objectives. Any disagreements that arose between the reviewers were resolved through discussion.

Data mapping
------------

The extracted data are presented in both diagrammatic and tabular form as per scoping review guidelines, including mind-maps of the various aspects of the study and how they interrelate. A narrative summary accompanies the tabulated and diagrammatic results.

Results
=======

Description of studies
----------------------

The initial search of all databases was conducted on 12--13 November 2015 and updated in February 2017. The search strategy was deliberately sensitive and therefore resulted in a large number of studies identified. Database searches identified 18,734 records. Other sources, primarily reference lists of included studies, provided a further 46 records. After removal of duplicates and screening of title and abstracts, 86 studies were retrieved in full text and 22 were then excluded based on inclusion criteria (See Appendix II). A total of 64 studies have been included in the review. The PRISMA flowchart in Figure [1](#F1){ref-type="fig"} describes the flow of decisions for inclusion of studies.

![PRISMA flowchart for the scoping review process^[@R71]^](jbisris-17-209-g001){#F1}

Characteristics of included studies
===================================

Of the 64 studies included in the review (Table [1](#T1){ref-type="table"}), most (61%) were set in the clinical environment,^[@R72]-[@R110]^ with the vast majority of studies conducted in the US (39%),^[@R42],[@R79],[@R80],[@R83]-[@R90],[@R93],[@R95],[@R97],[@R98],[@R104],[@R106],[@R108],[@R111]-[@R117]^ Sweden (13%),^[@R75],[@R77],[@R78],[@R99],[@R100],[@R102],[@R110],[@R118]^ Japan (9%),^[@R82],[@R91],[@R109],[@R119]-[@R121]^ South Korea^[@R96],[@R122]-[@R124]^ and the UK (6% each).^[@R72],[@R103],[@R107],[@R125]^ Nearly half of the studies were randomized controlled trials,^[@R42],[@R73],[@R74],[@R77],[@R78],[@R80],[@R84]-[@R90],[@R95],[@R98],[@R99],[@R101],[@R105]-[@R108],[@R112],[@R115],[@R116],[@R120],[@R123],[@R124],[@R126]-[@R128]^ and there were slightly fewer studies involving patients (45%)^[@R72]-[@R75],[@R77]-[@R80],[@R82],[@R84]-[@R87],[@R89],[@R90],[@R92],[@R95]-[@R99],[@R101],[@R103],[@R106]-[@R108],[@R110],[@R113],[@R129]^ as opposed to healthy participants. The largest group of patients were those with cancer.^[@R77]-[@R79],[@R95],[@R101],[@R106],[@R107]^ Fifty-seven studies (89%) investigated "touch" as an intervention,^[@R42],[@R72]-[@R93],[@R95]-[@R124],[@R126],[@R127],[@R130],[@R131]^ four (6%) investigated the effect of "gaze",^[@R125],[@R129],[@R132],[@R133]^ two (3%) investigated "touch and gaze" combined^[@R94],[@R128]^ and one study (2%) investigated touch and gaze with the addition of vocalization and facial expression.^[@R134]^ It should be noted, that although our aim was to identify studies that addressed the neurophysiological impact of touch and gaze in relation to healing there were no studies identified that addressed this directly.

###### 

Overview of included studies

  Category       Variable                                                        n    \%
  -------------- --------------------------------------------------------------- ---- ----
  Setting        Clinical (including acute, long term community and home care)   39   61
                 Laboratory                                                      25   39
                 USA                                                             25   39
                 Sweden                                                          8    13
                 Japan                                                           6    9
                 South Korea                                                     4    6
                 UK                                                              4    6
                 Israel                                                          3    5
                 Australia                                                       2    3
  Country        Finland                                                         2    3
                 Germany                                                         2    3
                 Iran                                                            2    3
                 Brazil                                                          1    2
                 Canada                                                          1    2
                 Switzerland                                                     1    2
                 Taiwan                                                          1    2
                 Thailand                                                        1    2
                 Turkey                                                          1    2
                 Randomized Controlled Trials                                    31   48
                 Non-randomized controlled trials                                17   27
  Study design   Pre-test post-test                                              7    11
                 Case-Series                                                     7    11
                 Other                                                           2    3
  Population     Healthy                                                         35   55
                 Patients                                                        29   45
                 Touch                                                           57   89
  Intervention   Gaze                                                            4    6
                 Touch and gaze                                                  2    3
                 Touch, gaze, vocalisation, facial expression                    1    2

The detailed characteristics of all included studies are provided in Appendix III.

Review findings
===============

Interventions and intervention sub-types
----------------------------------------

Figure [2](#F2){ref-type="fig"} maps the included studies showing the numbers of studies investigating each of the intervention types, and for each of the intervention sub-types. The sub-types were derived iteratively as part of the mapping process.

![Mapping of intervention types and outcome measures (values correspond to the number of studies as does the relative size of each component of the figure)](jbisris-17-209-g002){#F2}

For studies of touch, the most prominent sub-type was "massage" (46 studies, 81% of touch studies),^[@R42],[@R72]-[@R75],[@R77]-[@R79],[@R81],[@R82],[@R84]-[@R92],[@R95]-[@R101],[@R105]-[@R110],[@R113],[@R115],[@R116],[@R118]-[@R124],[@R126],[@R127],[@R130],[@R131]^ followed by "skin-to-skin" (also known as "kangaroo care") (5 studies, 9%),^[@R76],[@R80],[@R93],[@R103],[@R104]^ "warm affective touch/holding" (5 studies, 9%)^[@R83],[@R102],[@R111],[@R112],[@R114]^ and "Reiki touch" (1 study, 2%).^[@R117]^

In the "skin-to-skin" care studies most involved pre-term infants,^[@R80],[@R93],[@R103],[@R104]^ with only one study involving full-term infants;^[@R76]^ all with the mother providing the contact. The studies of "warm affective touch/ holding" included mother and infant dyads^[@R83],[@R102]^ or couples in a relationship.^[@R111],[@R112],[@R114]^ The "Reiki touch" study involved healthy participants with a trained Reiki practitioner.^[@R117]^ Characteristics of the massage studies are provided in more detail later.

For studies of gaze, one intervention sub-type ("direct and averted") was represented by two studies,^[@R129],[@R132]^ others sub-types ("direct, averted and closed" and "still face")^[@R125],[@R133]^ were investigated in one study each. One study involved mothers and infants.^[@R125]^ The other three studies involved women and men viewing the gaze of either the researcher,^[@R129]^ or of live models.^[@R132],[@R133]^ For the two studies of touch and gaze (combined), the intervention sub-types were "free play"^[@R94]^ and "still face and touch".^[@R128]^ Both studies involved parents and their children. One study focused on the combined intervention of "touch, gaze, vocalisation and facial expression", and examined the intervention sub-type of "social interaction". This study included a variety of participants including couples and parents with children.^[@R134]^

Figure [3](#F3){ref-type="fig"} presents a detailed analysis of the key characteristics of "massage", the most frequently measured intervention sub-type. Many studies failed to provide various details of these characteristics; therefore, the totals for some characteristics in Figure [3](#F3){ref-type="fig"} are less than 46.

![Mapping of "massage" intervention study characteristics (values correspond to the number of studies as does the relative size of each component of the figure)](jbisris-17-209-g003){#F3}

Six aspects of massage apparent from the literature are presented:

1.  Body area: The different amounts/locations of the body being massaged, including: full body (n = 28);^[@R42],[@R73]-[@R75],[@R78],[@R79],[@R81],[@R82],[@R84]-[@R87],[@R90],[@R91],[@R95],[@R97]-[@R99],[@R106],[@R108],[@R110],[@R113],[@R116],[@R119],[@R120],[@R124],[@R126],[@R131]^ back (n = 4);^[@R89],[@R115],[@R118],[@R121]^ back, neck and head (n = 2);^[@R101],[@R105]^ limbs (n = 3);^[@R77],[@R92],[@R100]^ neck and shoulders (n = 1);^[@R127]^ scalp (n = 1);^[@R123]^ trunk (n = 1);^[@R96]^ upper body and limbs (n = 3);^[@R72],[@R88],[@R109]^ acupressure points (n = 2);^[@R122],[@R130]^ and self-selected (n = 1).^[@R107]^

2.  Type: The style of massage being provided, ranging from gentle/tactile (n = 9),^[@R72],[@R75],[@R77],[@R78],[@R98],[@R100],[@R109],[@R110]^ and Swedish (n = 7),^[@R88],[@R90],[@R101],[@R108],[@R115],[@R118],[@R131]^ to other forms such as anma (n = 3),^[@R82],[@R119],[@R120]^ shantala,^[@R81]^ Thai^[@R126]^ and Yakson.^[@R96]^ Nine studies used multiple types of massage,^[@R42],[@R73],[@R74],[@R95],[@R105]-[@R107],[@R113],[@R116]^ and a further 12 did not specify the type of massage used.^[@R79],[@R84]-[@R87],[@R89],[@R91],[@R92],[@R121],[@R123],[@R127],[@R130]^

3.  Relationship to provider (where stated): The provider was either a trained masseuse (n = 27) or researcher/research assistant (n = 1) that had no existing relationship with the recipient;^[@R42],[@R75],[@R78],[@R79],[@R81],[@R86]-[@R90],[@R92],[@R95],[@R101],[@R106],[@R108],[@R110],[@R113],[@R115],[@R116],[@R118]-[@R120],[@R122]-[@R124],[@R126],[@R130],[@R131]^ a trained clinician involved in the subject\'s care (all nurses: n = 9);^[@R72],[@R74],[@R77],[@R96],[@R97],[@R99],[@R100],[@R105],[@R107]^ or a significant other (a person in a relationship with the receiver) (n = 6).^[@R73],[@R84],[@R85],[@R91],[@R109],[@R127]^

4.  Duration: The duration of the massage, ranging from less than 20 minutes (n = 12),^[@R81],[@R87],[@R88],[@R91],[@R96],[@R98],[@R105],[@R115],[@R121],[@R123],[@R127],[@R130]^ 20--40 minutes (n = 18)^[@R72],[@R77],[@R79],[@R82],[@R85],[@R86],[@R89],[@R90],[@R92],[@R95],[@R99],[@R101],[@R107],[@R109],[@R118],[@R120],[@R124]^ to greater than 40 minutes (n = 12).^[@R42],[@R73]-[@R75],[@R78],[@R97],[@R100],[@R108],[@R113],[@R116],[@R126],[@R131]^

5.  Frequency: Whether the massage was conducted once (n = 14)^[@R42],[@R72]-[@R74],[@R99],[@R100],[@R107],[@R115],[@R118],[@R120],[@R122],[@R126],[@R127],[@R130]^ or multiple times (n = 31).^[@R75],[@R77]-[@R79],[@R81],[@R82],[@R84]-[@R92],[@R95]-[@R98],[@R101],[@R105],[@R106],[@R108]-[@R110],[@R113],[@R116],[@R119],[@R123],[@R124],[@R131]^

6.  Control: If a control group was used, the most frequently occurring comparator was no massage (n = 14),^[@R72],[@R73],[@R84],[@R91],[@R92],[@R95],[@R97],[@R98],[@R105],[@R109],[@R113],[@R123],[@R124],[@R131]^ followed by rest (n = 9)^[@R82],[@R99]-[@R101],[@R106],[@R115],[@R118],[@R119],[@R126]^ and then relaxation (n = 6).^[@R79],[@R85],[@R86],[@R88],[@R90],[@R110]^ A small number of studies used gentle touch (n = 3)^[@R42],[@R96],[@R116]^ and attentive discussion (n = 3).^[@R77],[@R78],[@R127]^ One study used video viewing.^[@R89]^ Due to study design, three studies had no comparator.^[@R75],[@R81],[@R121]^

Outcomes
--------

Figure [2](#F2){ref-type="fig"} also presents the outcomes measured for all of the included studies. The most common outcome measure was cortisol accounting for 83% (n = 53) of studies. This included salivary cortisol in 48% (n = 31),^[@R42],[@R76]-[@R78],[@R80]-[@R84],[@R86],[@R88]-[@R94],[@R100],[@R104],[@R106],[@R112],[@R113],[@R116],[@R117],[@R119]-[@R121],[@R124],[@R126],[@R128]^ serum cortisol in 28% (n = 18)^[@R42],[@R72]-[@R75],[@R80],[@R97],[@R99],[@R101],[@R103],[@R105],[@R107],[@R111],[@R116],[@R122]-[@R124],[@R131]^ and urinary cortisol in 17% (n = 11) of studies.^[@R79],[@R85]-[@R87],[@R89],[@R95],[@R96],[@R98],[@R108],[@R110],[@R113]^ It should be noted that in a number of studies, two sources of cortisol were sampled. None of the studies with gaze as a sole intervention measured cortisol. Oxytocin was measured in 23% (n = 15) of studies and this was mostly serum oxytocin.^[@R42],[@R75],[@R77],[@R94],[@R102],[@R109],[@R111],[@R112],[@R114]-[@R116],[@R118],[@R125],[@R127],[@R134]^ The next most frequent group of outcome measures were the catecholamines: dopamine, epinephrine (adrenaline) and norepinephrine (noradrenaline) in 19% (n = 12) of studies.^[@R72],[@R79],[@R85],[@R87],[@R89],[@R95],[@R96],[@R98],[@R110],[@R111],[@R113],[@R123]^ Serotonin was measured in only 8% (n = 5) of studies.^[@R79],[@R85],[@R87],[@R95],[@R101]^ Neural activity including EEG, amygdala response and N170, a component of event related potential (stimulus in response to viewing faces), were measured in a small number of studies involving gaze^[@R129],[@R132]^ and massage.^[@R88],[@R124],[@R130]^

It should be noted that the inclusion criteria also addressed studies in regard to the neurophysiology of healing, care and the therapeutic relationship. Although many included studies made inferences about the potential for the various neurophysiological measures and we have explored this potential, no studies were identified that directly measured the neurophysiological impact on these concepts. This issue is elaborated in the following discussion.

Discussion
==========

As this is a scoping review, the included studies have not been subjected to critical appraisal. There is therefore no attempt to address the effectiveness of the interventions.

The impetus for this review was the growing body of work on the neurophysiological impact of touch and eye gaze during direct human interaction and the benefits of a positive, trusting therapeutic relationship as the central element in the delivery of high-quality, person-centered fundamental care.^[@R11],[@R135]^ This review, therefore, aimed to identify research that evaluated neurophysiological measures as a response to touch and gaze, given they are essential elements of establishing and maintaining therapeutic relationships. We considered the nature of the interventions in terms of what intervention was delivered, who administered the intervention and who received it.

Although we identified a large body of research, arguably only a small number of studies measured relevant neurophysiological responses and were contextually specific to what could be described as the development and maintenance of a clinician-patient relationship. These studies involved patients and clinicians (all nurses) in the clinical setting.^[@R72],[@R74],[@R77],[@R96],[@R97],[@R99],[@R100],[@R105],[@R107]^ However, to restrict the review to these studies alone would have prevented exploration of a number of aspects of touch and gaze. For example, the effect of gaze was not addressed in any of the studies involving nurses.

The scoping review methodology allows, even encourages, the exploration of the boundaries of a concept. We would assert that therapeutic relationships are not restricted to a nurse and patient. These relationships can and often do include relatives of patients, with nurses often including them in therapeutic activities. In the case of infants, this would include encouraging mothers to have skin-to-skin contact. We established our boundary at the point where objective measurement of direct human to human touch and gaze occurred. Regarding the types of touch and the inclusion of massage, there is a continuum from light or gentle affective touch to firm even forceful touch of deep tissue massage. There is no natural cut-off point within this range. We recognize that gentle affective touch would occur when a nurse is giving comfort to a patient. At the other end of the spectrum nurses will touch patients more firmly when technical care is provided and it is this boundary which we aimed to explore.

The actions of nurses when caring for patients involve a great deal of touch.^[@R136],[@R137]^ This includes touch that would be intended to comfort (gentle touch) and, as part of an intervention, technical or instrumental touch.^[@R138]^ In considering touch in the context of nursing practice, a bed-bound patient requiring washing by a nurse might also be provided with gentle massage, which would closely approximate some studies in the current review where a back massage was the intervention. There were a small number of included studies involving holding; warm, affective touch; and skin-to-skin contact, and once again these studies would contextually relate to the use of touch by nurses to comfort a patient.^[@R76],[@R80],[@R83],[@R93],[@R102]-[@R104],[@R111],[@R112],[@R114]^ Other aspects related to touch that were reflected in the studies included the skill level of the masseur/therapeutic provider and the relationship they had to the person receiving touch.

Trust is considered foundational in any therapeutic relationship.^[@R23],[@R135]^ A trusting relationship is considered to be "dynamic and ongoing",^[@R23](p506)^ suggesting that those who form this relationship are known to each other and have multiple interactions. The majority of studies had massage provided by a trained masseuse, with the next largest group massaged by a significant other, most often a spouse or life partner, and half as many again from a trained clinician. Whilst only four studies reported clinicians providing touch on more than three occasions,^[@R77],[@R96],[@R97],[@R105]^ the trust engendered by an ongoing relationship with a nurse or other type of clinician during therapy (either in a hospital or undergoing regular treatment) might offer potential benefits in regard to the therapeutic relationship and patient recovery/healing.

In the present review, the decision was made to only include studies with "live" gaze, and not the presentation of photos or videos, due to the body of evidence indicating a difference in the neurophysiological reaction to "live" gaze as opposed to gaze that is intermediated by technology (i.e. interaction over a screen, images of faces).^[@R132],[@R133]^ As a result, only seven studies addressing gaze (with or without touch) were included.^[@R94],[@R125],[@R128],[@R129],[@R132],[@R134]^ These studies measured both the effect of direct and averted gaze. This is relevant for the nurse-patient relationship as a more intense physiological response from the stimulus of direct gaze might result in a greater level of cognitive social network engagement which could lead to interpersonal neural synchronization and an increase in empathy.^[@R133]^ It might also result in an increase in neuro-chemicals that strengthen the endocrine system and modulate the stress response. However, no studies that involved gaze between a patient and nurse were identified in the search.

The majority of included studies measured a single intervention, either touch or gaze. In the studies that involved touch, it is reasonable to assume that those providing touch might be making eye contact with the subjects; however, only a small number of studies noted the potential for, or effect of, direct eye gaze as a mediating factor on results. This appears to be due to the lack of awareness of the potential neurophysiological impact of direct eye gaze and therefore, the lack of recognition of its role in moderating or mediating outcomes. Only three studies explicitly involved interventions of both touch and gaze.^[@R94],[@R128],[@R134]^ Notably one recent study included an intervention involving the *synchrony codes* of touch, gaze, vocalization and facial expression, and its "pragmatic" design meant it was one of the few studies to attempt to control for the reality of the complexity of human-to-human interaction.^[@R134]^

A number of different population groups received interventions. Approximately half of the studies involved the intervention being administered to patients with a variety of medical conditions; the largest group being people with cancer.^[@R77]-[@R79],[@R95],[@R101],[@R106],[@R107]^ Many studies aimed to use touch to reduce anxiety and stress, which is common in patient population groups. A few of the studies focusing on healthy individuals used a range of mechanisms to induce stress in the subjects before or after the intervention process, which included touch, gaze and proximity to a trusted or significant other.^[@R99],[@R114],[@R127]^ A number of these studies reported results that can potentially inform how to mediate stress via the therapeutic relationship.

The environment in which the intervention was provided was also a consideration in a number of the studies. Approximately half of the studies were undertaken in a non-clinical environment where conditions could be well-controlled in terms of stimuli not directly related to the human-to-human interaction, such as light and noise. Although the studies undertaken in a clinical setting might be considered more relevant, there was no direct attempt to control for such environmental stimuli.

For the majority of studies (n = 53), the major impact marker tested was cortisol,^[@R42],[@R72]-[@R101],[@R103]-[@R108],[@R110]-[@R113],[@R116],[@R117],[@R119]-[@R124],[@R126]-[@R128],[@R131]^ with 15 studies measuring oxytocin.^[@R42],[@R75],[@R77],[@R94],[@R102],[@R109],[@R111],[@R112],[@R114]-[@R116],[@R118],[@R125],[@R127],[@R134]^ Cortisol levels were measured in serum, saliva and/or urine. In the nine studies that involved patients with nurses providing (gentle) touch, cortisol levels were measured as an indicator of stress.^[@R72],[@R74],[@R77],[@R96],[@R97],[@R99],[@R100],[@R105],[@R107]^ In many cases, the purpose of touch therapy was to reduce stress in patients, and in some it was to explore beneficial neurophysiological effects (including immunological), particularly when the patient was undergoing treatment. Direct eye gaze was also indicated as a de-stressor in the studies that examined at it as an intervention.^[@R94],[@R125],[@R128],[@R129],[@R132]-[@R134]^ This highlights the potential for touch and eye gaze, as part of the nurse-patient relationship, to positively impact patients, as supported by findings showing an integrative role of the oxytocinergic system in supporting social affiliation, and an associated rise in immune biomarkers.^[@R134]^

Cortisol was shown to be a complex indicator, as a number of variables are involved, including relationship, gender, age, baseline/resting level, type of touch, type of cortisol (salivary, plasma and urinary) and collection method. For example, massage involving firm pressure (such as Swedish massage) was reported to increase cortisol (due to pressure sensors in the skin); yet, it had other beneficial physiological impacts such as stimulation of oxytocin and immune system function. In many of the studies that had oxytocin as an outcome measure, it was used as an indicator of bonding and/or synchrony. Though not part of this review\'s objectives, there was a consistent link reported between raised oxytocin and an increase in immunological activity, and this warrants further research in terms of the potentially beneficial outcomes from direct interaction with the clinician. It also raises the potential of using oxytocin as a measure of the development of a therapeutic relationship; however, in the studies with nurses, only one measured oxytocin levels and the rationale was that it was an anxiolytic.^[@R77]^

A small number of studies measured neurological changes including amygdala and other neural activity, changes in nervous system activity and vagal tone, and the presence of various neurochemicals/transmitters in response to study interventions.^[@R128]-[@R130],[@R132],[@R133]^ The reported results were consistent with the body of research work regarding the beneficial neurophysiological effects of direct human interaction.^[@R30]-[@R41]^

Nursing interventions are often complex with many confounders. Qualitative research investigating touch as part of nurse-patient interaction reports that gentle touch can result in comfort or distress depending on a range of contextual issues, such as the gender of the nurse, the environment in which the touch is administered, and the simple but important act of explaining what is happening before the touch is administered.^[@R136],[@R138]^ Looking for objective evidence about the impact of a good therapeutic relationship is challenging, confounded by the iterative and synergistic neurophysiological nature of direct interaction on both parties.^[@R99]^ The majority of studies that we identified aimed to measure the impact of a single intervention, most commonly massage, often ignoring the additional moderation/mediation of direct eye gaze. The interventions were rarely within the context of the nurse-patient relationship.

Limitations
-----------

One potential limitation of this review is that we focused specifically on touch and gaze as central elements of human interaction, including as part of a therapeutic relationship, in studies that quantifiably measured neurophysiological outcomes of such interaction. Human interaction is much more complex than touch and gaze, as shown in those studies that included related aspects such as social synchrony, convergence of biomarkers during bonding and affiliation, and the interplay of such things as allostasis and trust. There are also many studies that explore the neurophysiological impact of other aspects of human interaction, either inclusive or exclusive of touch and gaze, using qualitative methodologies. Such studies, when robust, should also inform this area of research as the complex interplay cannot be measured by quantitative measures alone.

Regarding gaze, the decision was made to only include "live" faces and this restricted the literature we accessed. A further limitation is that, due to the complexity of cultural differences in regard to direct gaze and touch, this review has not included cultural difference as a criterion. This was compounded by only including English language studies. Future research in this area would be valuable in terms of informing nurses and other clinicians on the complex mediating effects.

Finally, it should be noted that we did not search for unpublished literature. In preparation for this review we deemed a comprehensive search for unpublished papers impractical. As this is a scoping review without critical appraisal we make no specific judgments of effect which would be an issue in relation to publication bias.

Conclusion
==========

The aim of this review was to identify studies that evaluated two important elements of human interaction, touch and gaze, and their impact on a range of neurophysiological measures. An important consideration was the relevance of the studies in regard to the nurse-patient relationship, interpreted through the wider lens of the therapeutic relationship. Although small in number, there were studies that did involve nurses and patients, but most did not address the complexity of human interaction as would be seen in the clinical setting. However, there was sufficient consistency in trends evident across many studies regarding the beneficial impact of touch and eye gaze to warrant investigation in the clinical setting. There is a balance here between studies that are tightly controlled and those of a more pragmatic nature that are contextually closer to the reality of providing nursing care. The latter should be encouraged.

Recommendations for research
============================

Given the growing evidence that fundamental care is being poorly executed globally,^[@R2]-[@R10]^ there is increasing emphasis on understanding how such care can be delivered effectively and safely and on elucidating the positive impact for patients when such care is delivered well. Fundamental care involves multiple opportunities for touch (as part of routine activities, such as bathing, or intended to comfort) and gaze, and is positively influenced by a trusting nurse-patient relationship. Systematic reviews of effectiveness could help to elucidate the specific neurophysiological mechanisms though which nurses' routine work and fundamental care result in positive care experiences for patients and improved patient healing. These reviews would range from those considering the neurophysiological effect of massage as a standalone intervention, likely to include a large number of studies, to a review on the effectiveness of comforting touch by nurses, likely to include only a small number of studies. There is also potential for reviews in a number of other areas including neural engagement and synchronization and immunological change.

In regard to primary research, most of the included studies were designed to control for a single stimulus. Very few studies were conducted in the clinical setting with the multiple stimuli that would represent the reality and complexity of nurse-patient interaction. However, these studies demonstrated the feasibility of this type of pragmatic research. Studies in which nurses are the providers of the intervention should be undertaken in the clinical area, to further explore the impact of the relationship between patient and nurse, and it would be relevant to further explore such an impact on both parties, as informed by studies regarding the reciprocal nature of the neurophysiological impacts of direct human interaction. The study by Ulmer-Yaniv *et al.*^[@R134]^ provides a methodological example of quantifying multiple convergent elements and outcomes of human interaction. Other studies have also used video and accompanying software to code interactions between individuals in both the clinical and simulated environments, also demonstrating feasibility of this approach.^[@R139],[@R140]^ In the early 1990 s, Estabrooks and Morse used a grounded theory approach to investigate how intensive care nurses learn to touch.^[@R136]^ This raises the potential of using both neurophysiological measures and technological intermediation and/or imaging as interventions or aids to teach nurses how to use touch and gaze in order to develop therapeutic relationships.

This review has research implications for the positive use of massage, and for differentiating the type of massage dependent on the required therapeutic outcome desired, as well as controlling for duration, timing, frequency, expertise, relationship and amount of body.

A research area that is currently under-developed is the inclusion of direct eye gaze as a contributing variable in both research studies and practice. Whilst there were only a small number of studies directly related to the role of eye gaze, in a therapeutic context there was evidence that the opportunity for, and effect of, eye gaze is also a potential mediator for a positive interactive outcome, and may have an additive effect when touching is also involved.

The increase in technology in health care requires decisions to be made about the level of human or technological intervention in the care of patients. However, there is currently very little research evidence to guide these choices to maximize benefits to patients, clinicians and the medical institution involved. Recognizing the therapeutic impact of touch and gaze may redefine the way nurses choose to interact with their patients and the future delivery of health care.
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Busch M, Visser A, Eybrechts M, van Komen R, Oen I, Olff M, *et al.* The implementation and evaluation of therapeutic touch in burn patients: an instructive experience of conducting a scientific study within a non-academic nursing setting. Patient Educ Couns. 2012;89(3):439--46.

***Reason for exclusion:*** No skin-to-skin contact

Chatel-Goldman J, Congedo M, Jutten C, Schwartz JL. Touch increases autonomic coupling between romantic partners. Front Behav Neurosci. 2014;8:95.

***Reason for exclusion:*** No reporting of neurophysiological measures

Currin J, Meister EA. A hospital-based intervention using massage to reduce distress among oncology patients. Cancer Nurs. 2008;31(3):214--21.

***Reason for exclusion:*** No reporting of neurophysiological measures

Gordon I, Voos AC, Bennett RH, Bolling DZ, Pelphrey KA, Kaiser MD. Brain mechanisms for processing affective touch. Hum Brain Mapp. 2013;34(4):914--22.

***Reason for exclusion:*** No skin-to-skin contact

Groer M, Mozingo J, Droppleman P, Davis M, Jolly ML, Boynton M, *et al.* Measures of salivary secretory immunoglobulin A and state anxiety after a nursing back rub. Appl Nurs Res. 1994;7(1):2--6.

***Reason for exclusion:*** No reporting of neurophysiological measures

Helminen TM, Kaasinen SM, Hietanen JK. Eye contact and arousal: the effects of stimulus duration. Biol Psychol. 2011;88(1):124--30.

***Reason for exclusion:*** Only measured skin conductance response

Henricson M, Berglund AL, Maatta S, Ekman R, Segesten K. The outcome of tactile touch on oxytocin in intensive care patients: a randomised controlled trial. J Clin Nurs. 2008;17(19):2624--33.

***Reason for exclusion:*** Patients semi-conscious or unconscious

Hodgson NA, Lafferty D. Reflexology versus Swedish Massage to Reduce Physiologic Stress and Pain and Improve Mood in Nursing Home Residents with Cancer: A Pilot Trial. Evid Based Complement Alternat Med. 2012;2012:Article ID:456897.

***Reason for exclusion:*** Some participants not capable of providing consent so surrogate was used

Kanitz JL, Reif M, Rihs C, Krause I, Seifert G. A randomised, controlled, single-blinded study on the impact of a single rhythmical massage (anthroposophic medicine) on well-being and salivary cortisol in healthy adults. Complement Ther Med. 2015;23(5):685--92.

***Reason for exclusion:*** No detailed reporting of salivary cortisol

Kujala MV, Carlson S, Hari R. Engagement of amygdala in third-person view of face-to-face interaction. Hum Brain Mapp. 2012;33(8):1753--62.

***Reason for exclusion:*** Subject not directly involved in interaction but observing others

Lee MS, Rim YH, Kang CW. Effects of external qi-therapy on emotions, electroencephalograms, and plasma cortisol. Int J Neurosci. 2004;114(11):1493--502.

***Reason for exclusion:*** No skin-to-skin contact

Lee YH, Park BN, Kim SH. The effects of heat and massage application on autonomic nervous system. Yonsei Med J. 2011;52(6):982--9.

***Reason for exclusion:*** No skin-to-skin contact

Listing M, Krohn M, Kim I, Reisshauer A, Peters E, Liezmann C, *et al.* The Influence of Classical Massage Therapy on Stress Perception, Mood Disturbances, Body Image, Cortisol and Oxytocin Levels 2011. 389- p.

***Reason for exclusion:*** Conference paper unable to access full-text

Okvat HA, Oz MC, Ting W, Namerow PB. Massage therapy for patients undergoing cardiac catheterization. Altern Ther Health Med. 2002;8(3):68--70, 2, 4--5.

***Reason for exclusion:*** Cortisol only raised in discussion

Peled-Avron L, Wagner S, Perry A, Shamay-Tsoory S. Get in touch: the role of oxytocin in social touch2013. S90-S p.

***Reason for exclusion:*** Conference paper unable to access full-text

Pierno AC, Becchio C, Turella L, Tubaldi F, Castiello U. Observing social interactions: the effect of gaze. Soc Neurosci. 2008;3(1):51--9.

***Reason for exclusion:*** Not live faces

Ponkanen LM, Hietanen JK, Peltola MJ, Kauppinen PK, Haapalainen A, Leppanen JM. Facing a real person: an event-related potential study. Neuroreport. 2008;19(4):497--501.

***Reason for exclusion:*** Unable to access full-text

Rapaport M, L. Hale K, Koury M, Shubov A, J. Bresee C. The role of oxytoncin, vasopressin and cortisol in the beneficial effects of massage therapy 2008. 1S-S p.

***Reason for exclusion:*** Conference paper unable to access full-text

Sato W, Kochiyama T, Uono S, Toichi M. Neural mechanisms underlying conscious and unconscious attentional shifts triggered by eye gaze. Neuroimage. 2016;124(Pt A):118--26.

***Reason for exclusion:*** Not live faces

Sato W, Kochiyama T, Uono S, Yoshikawa S. Amygdala integrates emotional expression and gaze direction in response to dynamic facial expressions. Neuroimage. 2010;50(4):1658--65.

***Reason for exclusion:*** Not live faces

Sato W, Yoshikawa S, Kochiyama T, Matsumura M. The amygdala processes the emotional significance of facial expressions: an fMRI investigation using the interaction between expression and face direction. Neuroimage. 2004;22(2):1006--13.

***Reason for exclusion:*** Not live faces

Sauer A, Mothes-Lasch M, Miltner WH, Straube T. Effects of gaze direction, head orientation and valence of facial expression on amygdala activity. Soc Cogn Affect Neurosci. 2014;9(8):1246--52.

***Reason for exclusion:*** Not live faces
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